Introduction
The research on the acquisition of syllable structure in the last decade has been mainly concerned with (i) identifying the order of acquisition of syllabic constituents, (ii) defining relations between syllabic constituency and segmental emergence and (iii) testing the adequacy of formal linguistic tools for building developmental scales that are able to account for children's behaviour (cf. Fikkert 1994 , Demuth 1995 , Fee 1995 , Lleó and Prinz 1996 , Miranda 1996 , Stemberger 1996 , Barlow 1997 , Freitas 1997 , Goad 1997 , Fikkert and Freitas 1998 , Grijzenhout and Joppen 1998 , Mezzomo 1999 , Rose 2000 , among many others). In this paper, and following the goals mentioned above, we examine monolingual Portuguese children's productions in order to account for their acquisition path of target Onset clusters. We will observe that, at the initial stage of production, Portuguese children tend to reduce Onset clusters to a single skeletal position, as attested in the acquisition of other target systems. However, unlike children acquiring other languages, Portuguese children exhibit different intermediate strategies before they reach the target form. We will therefore specifically focus on describing and accounting for the different behaviour attested in Portuguese children's productions of target Onset clusters.
The study of Onset clusters in the acquisition of European Portuguese (EP) will allow us to explore the interaction between segments and syllabic constituents and to discuss the relations between adjacent phonological levels in acquisition. The issue of segmental and syllabic contraints' interaction in the path of acquisition is part of a larger topic concerning the identification of both orders of emergence and types of relations between different structures in the grammar. Since a theory of acquisition has to be able to make predictions on the order of emergence of linguistic structures, the question concerning the relations between segmental material and syllabic constituency in the child's system is whether (i) the acquisition of syllabic constituents constrains the segmental emergence (a 'top-down' model) or (ii) the emergence of segments constrains the development of syllable structure (a 'bottom-up' model) . In Sections 5 and 6, we will discuss this topic based on the Portuguese children's data.
The 'Onset-Rhyme' approach within Syllable Theory provides us with the tools for data description and analysis in this paper (Fudge 1969 , Selkirk 1982 , McCarthy and Prince 1986 .
The problem
From the set of possible syllabic constituent shapes considered within the 'Onset-Rhyme' approach (Onset, Rhyme, Nucleus and Coda, all with branching and non-branching shapes), previous research has argued that the branching Onset is the last one to become stable in the path of acquisition (Fikkert 1994 , Fee 1995 , Lleó and Prinz 1996 , Freitas 1997 . The contrast between the production strategies used by Portuguese children and the ones mentioned in the literature raises a number of questions that we will explore in this paper.
The initial question is a general one concerning the way Portuguese children acquire target branching Onsets. Assuming that children's productions go from simple to more complex linguistic structures, the initial hypothesis is that nonbranching Onsets will become available before branching ones. Moreover, if branching Onsets are not yet available in the child's system, the output of a target branching Onset will be a non-branching Onset. As demonstrated below (cf. Section 5), this hypothesis is confirmed by data from the acquisition of EP and matches similar results from Dutch (Fikkert 1994) , Spanish (Lleó and Prinz 1996) , German (Lleó and Prinz 1996, Grijzenhout and Joppen 1998 and in press) , English (Gnanadesikan 1995 , Barlow 1997 Bernhardt and Stemberger 1998) that the presence of an epenthetic vowel between the two members of an Onset cluster (prato ["pRatu] becomes [p1"Ratu]) is a possible but rare repair strategy in the acquisition of branching Onsets. This behaviour, therefore, is never included in developmental scales due to its low frequency in children's productions.
If vowel epenthesis is frequent ([p1"Ratu] ) in the acquisition of a specific language, one could argue that this strategy works as an intermediate stage between cluster reduction (["patu]) and full production of the branching Onset (["pRatu]) . This strategy would then make the production of Onset clusters an easier task. It seems plausible to assume that both ["patu] and [p1"Ratu] are outputs of a stage where only CV is allowed, i.e., the non-branching Onset is the only available structure and all target branching Onsets have to match the nonbranching format. As we will see in Section 5.2, this hypothesis is inadequate for two reasons: (i) it cannot explain how children move from cluster reduction (["patu]) to vowel epenthesis ([p1"Ratu]); (ii) in the acquisition of EP, the form ["pRatu] co-occurs with and precedes the form [p1"Ratu]. The acquisition of branching Onsets in EP exhibits the following problematic U-shape development, exemplified with the production of the target word prato ["pRatu]:
In Sections 4 and 5, we will explore the apparent retreat exhibited by the Portuguese children observed, represented in the sequence (b)-(c)-(d) in (1).
Data collection
The corpus considered for analysis contains longitudinal cross-sectional data from 7 monolingual Portuguese children aged 0;10 to 3;07. The children have been videotaped monthly for 1 year (one of the children has been videotaped for 2 years). The sessions took place in the children's home, with the mother and the researcher present, and the sessions lasted between 30 to 60 minutes. The database format used to analyse the children's productions is the CHILD-PHON wordbase, an application of the 4th Dimension software for Macintosh, developed at the Max Planck Institut for Psycholinguistics -Nijmegen -and first used in Levelt (1994) and Fikkert (1994) . The database for EP contains 18 654 spontaneous utterances. For this paper, we examined all utterances containing target words with branching Onsets.
The target system
Portuguese children are faced with both non-branching and branching Onsets in their target system (Mateus and d'Andrade 2000) :
The structures presented in (2a) involve the projection of one skeletal position (see (3a) and (3b)); the structure in (2b) projects two skeletal positions (see (3c)): Notice that these types of targets are scarce in our database -36 productions of 6 target words in a database with 18,654 utterances (see Freitas 1997) .
The acquisition of branching Onsets

Data description
The first remark is that lexical targets with branching Onsets are absent in Portuguese children's early productions: At first, words with branching Onsets are not possible targets, and we consider this the first developmental stage in the acquisition of Onsets. This behaviour is also attested for the acquisition of Dutch (as we will see in Section 5.2.). This has been classified in the literature as a selection strategy 3 and may illustrate that, by this time, constraints related to the syllable structure prevent the child from processing branching Onsets because this syllabic format is not yet available in the child's system. When target lexical items with branching Onsets first appear, the most frequent repair strategy used by Portuguese children is cluster reduction (73 % of target words with Onset clusters were produced with cluster reduction), where the left-edge consonant of the cluster is preserved and the right-edge one is deleted (C 1 C 2 → C 1 Ø):
This behaviour matches acquisition data from other languages:
Naomi (1;6) c. English (Gnanadesikan 1995) please
Gitanjali (2;3-2;9) d. Spanish (Lleó 1990) truita (Rose 2000) clé
A different repair strategy that is not attested in other languages occurs simultaneously in Portuguese children's productions, i.e., both consonants of the cluster are deleted (C 1 C 2 → ØØ) 4 . This was attested in 9 % of the target words with Onset clusters produced by the Portuguese children observed:
Empty Onsets replace branching Onsets
JoãoII (2;4.30) 'thank you' fotografia /futugR5"fia/ → [ftu5"fi5] Raquel (2;10.08) 'picture' Another repair strategy attested for Dutch children is cluster reduction to the right-edge member (Fikkert 1994) . This strategy, however, is infrequent in the Portuguese children productions observed (2 % of the target words with Onset clusters produced by the children):
4. The presence of empty Onsets from the beginning of production in the Portuguese children observed and the use of this structure as a default one for dealing with problematic target Onsets have been treated in Freitas 1996 and in Costa and Freitas 1998 . The fact that the use of empty Onsets by Portuguese children might be due to characteristics of the target prosodic system, as one of the reviewers suggested, is now under investigation, in collaboration with my colleagues M. Vigário and S. Frota.
(10) Cluster reduction with deletion of the left-edge consonant
Before branching Onsets become stable in EP, another repair strategy emerges in the Portuguese children's data: vowel epenthesis between the two members of the cluster (C 1 C 2 V → C 1 VC 2 V), usually [1] but also [5] . Notice that the use of this strategy is not attested or scarce in the acquisition of other languages (Fikkert 1994 , Gnanadesikan 1995 , Lleó and Prinz 1996 , Barlow 1997 , Bernhardt and Stemberger 1998 , Rose 2000 . However, this strategy is used in 16 % of the target words with Onset clusters produced by the Portuguese children observed, rising up to 32 % in Luís and to 29 % in Laura, the children exhibiting strategies other than cluster reduction: Although the use of this strategy precedes the final stage of the acquisition of branching Onsets in EP, the use of vowel epenthesis does not occur in an isolated fashion: vowel epenthesis and the production of the target cluster cooccur in the data observed: An unexpected pattern seen in Portuguese children's data is that productions with a C 1 C 2 V format may precede productions with a C 1 VC 2 V format: Apparently, the children exhibit a retreat in development before they reach the target grammar: (1) the cluster reduction strategies are used followed by (2) faithful productions of the target cluster, which are followed by (3) the cooccurrence of vowel epenthesis and target clusters, and (4) the process ends with the exclusive production of the target cluster, according to the adult system. This U-shape development, already mentioned in Section 2, is exemplified in Table 1 and will be discussed in Section 5.2; Table 1 presents percentages concerning of different realizations of target Onset clusters by Luís: (i) column 'C 1 C 2 V' refers to faithful productions of the target cluster; (ii) column 'C 1 VC 2 V' contains information about vowel epenthesis; (iii) the 'Cluster reduction' column refers to reduction to the left-edge or right-edge member and productions of an empty Onset. As illustrated in Table 1 , Luís initially produces target Onset clusters by exclusively using cluster reduction strategies (see information at 1;9.29 and 1;11.20); afterwards he apparently starts producing target-like Onset clusters (see 2;0.27 and 2;2.0) before he uses simultaneously vowel epenthesis and target-like clusters (see 2;2.27 and 2;4.4).
As a final remark, notice that the acquisition of branching Onsets in EP is a long process in the child's development, this syllabic structure being the last one to become stable in production ( Table 2 ).
The summary in Table 2 suggests that age is not a reliable cue for measuring linguistic development. Considering the oldest children observed (Laura and Pedro), at the age of 3;3.10, Laura already shows a stable behaviour for target Onset clusters while, at 3;7.24, Pedro still uses cluster reduction exclusively: The data described in Section 5.1 illustrate that Portuguese children behave like Dutch children in the first two stages: (i) at an initial stage, they all avoid target lexical items with branching Onsets (see (5) and (6)); (ii) imediately afterwards, they all use cluster reduction to the left-edge member of the cluster (C 1 C 2 → C 1 Ø) (see data in (7)).
However, the following facts show that the strategies used by Portuguese children in the next stages of branching Onset acquisition differ from those described for Dutch children: (i) cluster reduction to the right-edge member of the cluster is rare (C 1 C 2 → ØC 2 ); (ii) the use of an empty Onset to replace the cluster is not attested in the Dutch data, yet it is more frequent in EP than cluster reduction to its right-edge member (see (16) Comparisons between Portuguese and Dutch children have shown the tendency for similar initial stages and different final stages between the two groups of children, attested in Fikkert and Freitas (1998) for the acquisition of the Rhyme structure. The same tendency is now observed in the acquisition of the branching Onset, i.e., similar initial stages versus different final stages. A developmental scale able to account for the acquisition of branching Onsets in EP includes the following initial stages (see 17), similar to the ones presented in Fikkert (1994) , except for the use of empty Onsets replacing Onset clusters (due to its rare occurrence -cf. data in (16) -cluster reduction to the right-edge member will not be included in the scale):
Acquisition of branching Onsets in EP Stage 0: the branching Onset is not represented in the set of target lexical items selected by the child (use of the selection strategy) Stage 1: the branching Onset is reduced to its left-edge member (C 1 C 2 → C 1 Ø) grande /"gR5d1/ → ["g5:d1] Marta (1;11.10) 'big' or replaced with an empty Onset (C 1 C 2 → ØØ)
The stage 3 for the acquisition of Dutch corresponds to the production of branching Onset clusters according to the target system. In the acquisition of EP, as mentioned in Section 5.1, Portuguese children exhibit a more complex behaviour: (i) after stage 1, they apparently produce clusters according to the target system (C 1 C 2 ); (ii) afterwards, they start using simultaneously branching Onsets (C 1 C 2 V) and epenthetic vowels (C 1 VC 2 V); (iii) finally, only C 1 C 2 is possible and branching Onsets become stable in the system. As mentioned in Section 2, our goal is now to explain how Portuguese children apparently retreat from a final stage of production according to the target (["pRatu]) to a period of alternate productions ([p1"Ratu] and ["pRatu]), before they reach the target again (["pRatu] ).
Hypothesis 1
The first hypothesis to explain the vowel epenthesis strategy would be to argue that it works as an intermediate stage of acquisition of branching Onsets: an Onset cluster is a marked structure and children tend to first use unmarked patterns before they produce marked ones, therefore, they turn a problematic structure C 1 C 2 V into a non problematic C 1 VC 2 V one by using the unmarked CV pattern (Jakobson 1941 /68, Selkirk 1982 , McCarthy and Prince 1986 . In this case, vowel epenthesis (C 1 VC 2 V) should precede the production C 1 C 2 V, which matches the adult format. However, as we showed in Section 5.1, this is not the case: (i) C 1 C 2 occurs before vowel epenthesis; (ii) both productions co-occur:
Laura (2;7.16) 'flowers'
Luís(2;11.2) 'witch'
The data show that vowel epenthesis does not occur as a strategy to merely make production an easier task.
Hypothesis 2
Another hypothesis to account for the pattern of vowel epenthesis would be to assume that it works as a phonetic strategy. It would then be interpreted as a frequency effect of the predominance of CV in the target system (around 50 %, according to d 'Andrade and Viana 1993) . This repair strategy would simply reveal the child's rhythmic preference for the CV pattern. The phonological processing of the consonant cluster would no longer be a problem for the child and the vowel epenthesis would only affect the surface structure.
As an empirical argument which supports this hypothesis, notice that there is a lot of vowel reduction in EP spontaneous speech (Mateus and d'Andrade 2000) and this post-lexical process allows the adult speakers to either produce or delete unstressed vowels (vestido [v1S"tidu] Yet, this hypothesis also fails to explain and account for the fact that C 1 C 2 V precedes C 1 VC 2 V or for the co-occurrence of the C 1 C 2 V and C 1 VC 2 V structures.
Hypothesis 3
The fact that the Portuguese children produce C 1 C 2 before they reach the alternation C 1 C 2 /C 1 VC 2 V may be interpreted as follows: (a) Initially when children produce exclusively C 1 C 2 structures, branching
Onsets are not yet represented in the child's phonological system. Since only non branching Onsets are available, the child is interpreting the C 1 C 2 target structure as a complex segment. This is compatible to the projection of a single skeletal position in the Onset domain since complex segments associate with non branching syllabic structures. (b) Afterwards the child reaches a stage where C 1 C 2 V and C 1 VC 2 V alternate. At this transitional stage, the child starts the process of segmental discrimination (C 1 and C 2 are different segmental entities). In syllabic terms, he/she is finally able to project different skeletal positions for the two different consonants. However, the branching Onset pattern is not yet available in the child's system, which prevents the child from projecting two skeletal positions within the same syllabic domain. The vowel epenthesis then results from the absence of branching Onsets in the child's system and the need to project different skeletal positions for different segments. At this stage of alternations between C 1 C 2 V/C 1 VC 2 V: (i) the cluster C 1 C 2 is still interpreted as a complex segment associated with a single skeletal position within the non branching Onset domain, as in the previous stage; (ii) the production C 1 VC 2 V is the result of segmental discrimination and each consonant associates with a different skeletal position, within different non branching Onset domains. The non branching pattern for Onsets is still the only structural configuration available. (c) Finally, only C 1 C 2 is possible, which means that the child is finally able to project two skeletal positions within the same Onset domain: branching Onsets are at last part of the child's system.
The interpretation under the hypothesis 3 is represented below:
As an argument for the interpretation of the Onset cluster as a complex segment that is associated with a single skeletal position, note that Portuguese children have to deal with other complex segments in the target system, namely From a developmental point of view, it seems that within the same syllabic constituent -here the Onset -children first deal with complex segments within a non branching domain before they are able to project bipositional structures at the skeleton level. Notice that Lleó and Prinz (1997) report the same behaviour for German and Spanish children: affricates are complex segments and they are mastered before Onset clusters, which shows that complex segments are not interpreted as branching Onsets.
5. For details on this proposal, see d 'Andrade and Viana (1993). Other sequences that involve the processing of complex segments in the path of acquisition of EP are the sequences traditionally called falling diphthongs. It is an ongoing discussion over to what extent falling diphthongs are complex segments in Portuguese (see, among others, Bisol 1999 and Mateus and d'Andrade 2000) . For a long time, children acquiring EP show the alternation VG≈V for VG targets. This alternation was interpreted in Freitas (1997) as a consequence from the projection of a single skeletal position for VG structures in the acquisition of this target structure.
Based on the analysis under the hypothesis 3, the developmental scale that accounts for the behaviour attested during the acquisition of EP branching Onsets is presented in (22) The data on the acquisition of branching Onsets discussed in this paper empirically confirm that a 'top-down' model of phonological acquisition accurately accounts for the relation between the adjacent phonological levels under analysis -the syllables and the segments (cf. Fikkert 1994 and Freitas 2001a, among others) . We observed in this paper that the segmental tier (in this case, the sequence obstruent+liquid) only becomes stable in production when children are able to project two skeletal positions within the same Onset domain.
Final Remarks
The study of Portuguese children's productions confirms the developmental path already attested for the acquisition of other languages. Children produce non branching Onsets before they start using branching Onsets, and the most frequent strategy used to deal with branching Onsets is cluster reduction to its left-edge member (see Fikkert 1994 , Fee 1995 , Gnanadesikan 1995 , Lleó and Prinz 1996 , Bernhardt and Stemberger 1998 , Grijzenhout and Joppen 1998 , Rose 2000 . However, when we compare the results from EP with those reported from Dutch (Fikkert 1994) , although the initial stages are similar, the final stages exhibit significant differences (this is in accordance with the findings of the comparative analysis of Fikkert and Freitas (1998) concerning the Rhyme structure in Dutch and in EP). The most important aspect that discriminates Dutch and Portuguese children is the occurence of a period of exclusive production of the cluster, followed by a period of vowel epenthesis alternating with the production of the target cluster, in the acquisition of EP. This was first interpreted as a retreat in the child's behaviour. However, the theoretical tools used for data analysis allowed us to propose that this pattern does not constitute a retreat in the child's development. The child has to be able to manipulate information concerning the syllabic constituency, the projection of skeletal positions and the segmental structure of consonants. Therefore, our hypothesis is that:
(i) the first occurrences of C 1 C 2 are surface instances of complex segments, associated with a single skeletal position; (ii) the alternation between vowel epenthesis and cluster (C 1 VC 2 V/C 1 C 2 V) that follows illustrates that the child is finally able to discriminate the two consonants and to associate each segment to a skeletal position. Branching Onsets are not yet available in the child's system; therefore, he/she cannot project the two skeletal positions within the same domain (this is shown by the vowel epenthesis procedure). The C 1 C 2 production in this period still matches the complex segment analysis because branching Onsets are not yet available; (iii) finally, the child produces exclusively C 1 C 2 and the vowel epenthesis strategy disappears, which means that branching Onsets are already available in the system and it is possible to project two skeletal positions within the same syllabic domain. The results reported in this paper confirm that, although prosodic information plays a crucial role from early stages in the child's linguistic development for both perception and production (Morgan and Demuth 1996 , Mehler and Christophe 1996 , Jusczyk 1997 , Guasti et al. 2001 , Christophe 2002 , among others), some prosodic constituents only become stable in the child's system at later stages of production. Moreover, our findings provide evidence for a topdown account of the process of phonological acquisition (Fikkert 1994 , Freitas 2001a , among others): taking into account the representational levels focused in this study -syllabic constituents, skeletal tier and segmental tier -the results presented in this paper match those previously reported in the literature, i.e., the mastering of the syllabic constituents constrains the mastering of the lower segmental level. In other words, for a specific phonological structure,
